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1
DIRECTIONAL REFLECTOMETER

REFERENCE TO RELATED APPLICATIONS

The present application 1s a continuation-in-part applica-
tion based upon U.S. patent application Ser. No. 08/484,576,
filed Jun. 7, 1995, now U.S. Pat. No. 5,637,873, 1ssued Jun.

10, 1997, which we incorporate by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
Contract F3361595-C-5237 awarded by the Air Force. The
Government has certain rights 1n this invention.

TECHNICAL FIELD

The present mvention 1s an apparatus for laboratory or
field measurement of the optical, UV, visible, or IR bidirec-
tional reflectance from a surface. To determine the quality of
a surface, the apparatus of the present invention measures
full-hemisphere, nonintegrated directional reflectance of
applied coatings.

BACKGROUND ART

It 1s difficult to measure accurately the emissivity or
reflectivity of a surface, especially at low grazing angles.
The need for reliable measurements 1s increasing, especially
for military vehicles where these physical characteristics
(and their control) are significant features for survival.
Modern optical (infrared {IR} and visible) seekers detect
these “signatures.” Today, measurements of the bidirectional
reflectance for an entire vehicle are difficult, expensive, and
require a carefully controlled or measured environment.

The present invention addresses a need to measure that IR
directional emissivity and reflectivity of surfaces and coat-
ings. The emissivity and bidirectional reflectivity play a
major role 1n determining an airframe’s total IR signature.
Coatings are often designed to produce particular emissivity/
reflectivity characteristics. While techniques exist to mea-
sure these properties for small samples 1n the laboratory,
none of these methods are suitable for measuring the prop-
erties of the coatings once they are applied to a large
airframe.

In U.S. Pat. No. 5,505,543, Rawlings, et al. we described
a laboratory emissometer for measuring the emissivity of
sample coatings. This device 1s useful only for small
samples and 1s not suitable for measuring the signature of a
vehicle surface. It 1s, nevertheless, a useful tool for design-
ing coatings. The emissometer operates by measuring the
radiation emanating from the surface because of i1ts tem-
perature. This device 1s capable of measuring normal to
grazing angle (0°-80° off normal) emittance spectrally and
as a function of temperature between -65° F. and 400° F.

Surface Optics markets a portable measurement device
that operates 1n the IR. ELDIM’s EZContrast® measure-
ment devices uses a CONOSCOPIC approach to obtain high
speed measurement of the luminance of liquid crystal dis-
plays (LCDs) in the visible at zenith angles of 0—80° and
angles of azimuth between 0—-360°. ELDIM uses a Fourier
lens and a relay lens to focus an 1mage on a cooled CCD
sensor to produce a viewing angle map.

Modern aircraft have specifications and requirements for
emissivity and reflectivity (based on the IR signature goals)
that present new 1ssues relative to the 1nspection techniques
and tools required for manufacturing and maintenance. In
particular, the IR signature 1s affected by the exterior coating,
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reflectance and emittance. The performance of the coating
can be sensitive to variations 1n the coating materials or
application processes and to environmental exposure. To
assure that an aircraft meets IR specifications, IR coating
performance must be tested as applied on the vehicle sur-
face. Such measurements must be repeated on a regular
maintenance schedule and after repairs to assure continuing
signature performance. These measurements must be
nondestructive, rapid, and require minimal skill level and
fraining. Measurement devices should be easily portable
(hand-held if possible), affordable, rugged, and require little
support (standard power, detect at room temperature).

NDE (nondestructive evaluation) measurements must
provide sufficient information to assess whether the surface
meets coating and vehicle specifications. It 1s important that
the information be of sufficient content and quality, and only
useful information. In addition, the instrument should collect
and process the data and provide pass/fail indication to the
operator.

SUMMARY OF THE INVENTION

Our directional reflectometer 1s a compact system for
measuring emissivity/reflectivity of coatings applied to
laboratory coupons or, especially, to large objects not ame-
nable to testing in the laboratory. It 1s particularly useful to
measure IR properties of vehicles at maintenance depots or
in the field. Its intended role 1s for quality assurance during
manufacturing and in-field service to verily that coatings are
performing properly. In the laboratory settings, the reflec-
tometer provides a rapid and intuitive means for understand-
ing the directionality of surface reflectance. We generally
use reflective or refractive optics to form an “image”™ of the
angular distribution of light reflecting as scattered light from
the surface of interest. One embodiment allows virtually all
of the light over a broad or narrow spectral band leaving a
surface to be collected onto a single 1maging array or
possibly a non-imaging detector.

The reflectometer can be a small, traveling, broadband IR
(3—um) device or a UV, visible, and near IR (0.3-3 um)
device. It 1s attached to a portable computer including a
microprocessor and a display. (FIG. 1) The computer ana-
lyzes the data collected at the 1maging array and presents 1t
in several formats, most notably a “pass-fail” based on
whether the reflectance falls within a predetermined range.
The reflectance criteria are flexible and can be based on
quantities such as the bidirectional reflectance distribution
function (BRDF), the total integrated hemispherical
reflectance, the diffuse reflectance, the specular reflectance,
or the specular lobe width. Reflection 1s measured at incident
angles between normal and grazing (up to 88° from normal),
and at reflected angles extending to 90° from normal. An
angle-space “1mage” 1s formed of the scattered radiation,
providing full directional reflectance information at a
oglance. The rapid response allows data to be collected
continuously as the device 1s moved across a surface. The
angle-space “1mage” contains enough information to assess
both standard and special surfaces or coatings and can be
integrated to determine total hemispherical reflectance. Por-
table computer-based analysis permits determination of
pass-fail responses rapidly.

The cold aperture, gimbal mirror, and secondary mirror
that we used 1n the reflectometer described 1n U.S. Pat. No.
5,637,873 are eliminated in our preferred design. The
present design 1s simple and compact with reduced part
count. Performance 1s unaffected. The cost of manufacture,
assembly, and use are reduced because expensive compo-
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nents are eliminated. The resulting reflectometer 1s more
robust, reliable, and durable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates 1n elevation a preferred reflectometer.
FIG. 2 1s a top plan view of the reflectometer of FIG. 1.

FIG. 3 1s an end view looking at the ellipsoidal mirror of
FIG. 1.

FIG. 4 1s a schematic of a second embodiment of a
directional reflectometer including an enlarged 1llustration
of the screen display of a portable computer.

FIG. 5 1s a schematic side elevation of another embodi-
ment of a reflectometer.

FIG. 6 1s a graph showing mapping of angle space onto a
2-D plane.

FIG. 7A 1s an alternate embodiment using an ellipsoid
reflector and a series of lenses.

FIG. 7B 1s a view along the angular “1mage” plane of FIG.
TA

FIGS. 8A, 8B, 9A & 9B are variations, in plan view and
side elevation, of the reflectometer of FIG. 5.

FIGS. 10A & 10B 1illustrate a variation using 7 lenses and
/ arrays.

FIG. 11 1llustrates another variation using 6 lenses and 6
arrays.

FIGS. 12A & 12B illustrate a variation using 5 lenses and
5 arrays.

FIGS. 13A & 13B 1llustrate a variation using refraction of
the scattered radiation by an array of three aspheric (or
specially shaped) lenses.

FIGS. 14A & 14B 1illustrate a variation using a single
rotating lens to obtain full hemispherical coverage.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The directional reflectometer of the present invention in
one embodiment measures the optical bidirectional reflec-
tance of a surface to provide its reflectivity and estimated
emissivity. The device 1s small and portable. It potentially
provides either broadband (e.g., 3—12 um) or spectral reflec-
tance between near normal and grazing angles permitting
pass-fail assessment of surface quality in the field.

Before describing the device, first we will discuss the

significance of the measurements that the device allows us
to make.

Both emission and reflection information are used to
determine aircrait signature 1n conjunction with assumptions
regarding the vehicle mission, flight environment, and
speed. Requirements to measure reflectance vary from the
relatively simple to the complex depending on the surface
materials and the vehicle specification. Integrating spheres
are commonly used with small samples to measure total and
diffuse directional hemispherical reflectances. Bi-directional
reflectance measurements can reveal specular lobe widths
and other more detailed information but normally they
require small samples and are very time consuming. These
standard methods are not well suited for manufacturing
quality control maintenance inspection or post-repair
inspection. For NDE applications, a much simpler, cost-
elfective method 1s needed.

Directional emissivity €(A,0,¢) is calculated from direc-
tional hemispherical reflectance p(X,0,¢) as e(A,0,p)=1-p(A,
0,¢). Directional hemispherical reflectance is typically mea-
sured using one of three methods:
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(1) Illuminating at a specific angle of interest (0,¢) and
detecting hemispherically, typically by using an integrating
sphere. Most total hemispherical reflectance measurements
arc made 1n this manner using angles of incidence near
normal. Care must be taken 1n these measurements when
measuring at incident angles of greater than 50°. If the
sample surface 1s placed at the center of the sphere, it 1s
impossible to measure an extended surface. If the material to
be measured 1s placed on the integrating sphere wall,
extended surfaces can be measured, however, the angle of
incidence 1s limited because of the ditficulty in placing the
source at near grazing incidence without illuminating the
sphere wall directly or without bumping the source into the
surface. (2) Illuminating hemispherically and collecting
radiation spectrally or band-averaged at the specific angle of
interest for emission (0,). An example of this type of
system has been built by Surface Optics Corporation using
a blackbody source at one focus of an ellipse and the sample
at the other focus. The detector is moved between 10° and
80° off normal. This type of measurement provides an
integrated directional reflectance, however, all information
1s lost relating to the angular distribution of the reflected
radiation. (3) Integrating the bidirectional scatter measured
over the hemisphere for a particular incident angle (0,¢).
This time consuming measurement and numerical integra-
tion produces a total hemispherical reflectance that includes
the summation of many sources of error resulting 1n 1nac-
curate data and conclusions.

None of these methods are known to be commercially
available as handheld or portable devices in the infrared,
except for the Surface Optics device mentioned earlier.
Small hand-held reflectance devices for NDE are fairly
common 1n the visible range and are used for measuring
color or contamination. For example, Toomay Mathis pro-
vides small hand-held scatterometers which detect the bidi-
rectional scatter at particular incident and detection angles.
Bidirectional scatter measurements have limited value for
evaluating signature related performance because there 1s no
measurement or integration of the total reflected energy,
only specific (and limited) information about the directional
scatter.

Existing devices and measurement methods fall short of
the need for NDE because they are not typically designed for
measurements in the IR at the angles of interest, nor are they
designed for NDE use (measurement times are too long), or
the optical design does not permit viewing of an extended
surface (limitations on sample size and curvature). In
addition, no existing system will provide both directional
scatter information (important for reflected contributions to
the IR signature) and a total hemispherically integrated
reflectance (important for calculating the emitted contribu-
tion to the signature).

In contrast to previous approaches, our reflectometer
provides: (1) the ability to measure at incident angles of up
to 85° or greater off normal, and (2) the ability to determine
both an integrated total hemispherical reflectance with
orecater throughput than measurements using integrating
spheres and an 1mage of the scattered intensity over a
hemisphere (some of our designs under consideration
require an internal or external rotation of 180° to collect full
hemispherical information for non-isotropic samples).

Our original device 100 for measuring the hemispherical
reflectance formed a digital “image” of the angular distri-
bution of the specularly and diffusely reflected radiation.
The reflectometer illustrated in FIG. 5 uses the 1imaging
properties of an ellipsoidal reflector 10. Light diverging
from one focus 12 of the ellipse was specularly reflected and
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converged towards the second focus 14, but was redirected
(in the embodiments of U.S. Pat. No. 5,637,873), by a
seccondary mirror 16. The major axis 18 which passed
through the foci 12 & 14, was tilted relative to the sample
surface to facilitate the collection of grazing-rays.

For an 1sotropic surface, for which all azimuthal orienta-
tions are equivalent, e.g. typical paints, 1t 1s sufficient to
collect only half of the diverging rays if the symmetry of the
problem 1s exploited. Illuminating the sample at the lower
focus 12, the incident light generally an IR beam, must travel
in a plane which passes through the lower focus and 1is
perpendicular to both the sample surface and the plane of the
figure. If the surface 1s anisotropic, complete hemispherical
reflectance data can be obtained by making an additional
measurement in which the beam orientation remains fixed
relative to the sample surface but the instrument azimuth
angle 1s rotated by 180°.

The 1llumination scheme shown 1n FIG. § also utilizes the
properties of the ellipsoid. A source 20, such as a blackbody,
glow bar, or lamp 1s collimated to form a beam which 1is
directed onto a mirror 22 located at the upper focus 14. The
beam passes through a hole 1n the secondary mirror 16.and
strikes the ellipsoidal reflector 10 which relays the beam to
the lower focus 12 on the sample. With a gitmbal mirror 22
which pivots on the upper focus 14 and an appropriate slot
in the secondary mirror, the angle of incidence can be varied
from normal to near grazing (>80°). A second slot or hole is
needed to allow fixed 1llumination when the device 1s turned
180° for measuring non-isotropic surfaces. This design
would probably also entail a translation of the secondary

mirror to shift the unused hole to avoid losing the specular
reflection of the beam.

One way to obtain hemispherical reflectance data 1s to
allow the retlected rays to converge onto a large-area single-
clement detector. In the absence of the illuminating beam,
the detector signal 1s proportional to the sum of the seli-
emitted and reflected radiation from the sample surface. If
the measuring device 1s in thermal equilibrium with the
sample, the total energy leaving the sample surface would
equal that of a blackbody at the same temperature. When the
illuminating beam 1s turned on, the change in detector signal
1s attributable to the specular and diffuse reflections of
interest. In practice, this measurement will require chopping
of the beam with a suitable beam chopper 24 and subtraction
of the two detector signal levels to determine the desired
reflectance.

The single detector approach provides a simple integrated
number but 1gnores valuable information related to the
details of the angular distribution of the reflected light. Such
information can readily be obtained in the form of an image
by using an IR focal plane array 26, or a scanning type
imager. If the illuminating beam at the lower focus was of
negligible extent, an 1image of the angular distribution 1is
formed simply by displacing the detector plane 1n front or in
back of the image focus. For an illumination spot of finite
extent and an array of reasonable size, an 1mage formed 1n
this manner would have poor angular resolution. By using an
appropriate lens 28, we can observe the far-field distribution
pattern 1n the detector plane. As with the single detector, we
use beam chopping and image subtraction to obtain the
desired distribution. The cold aperture 32 1s maintained at a
low temperature with liquid nitrogen or another suitable
cooling system to reduce emitted IR radiation impinging on
the array.

While the energy distribution in these 1mages will vary
with sample material and angle of incidence, the grid 30
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representing the mapping of angle space onto a 2-D plane
will remain fixed. An optical raytrace code was used to
determine the shape of this grid and 1t 1s shown 1n FIG. 6.
The particular geometry corresponds to a focus separation of
3 1nches and the upper focus 1 inch higher than the lower
focus. The calculation assumes that the reflector surface
extends well beyond the half hemisphere of interest. The
orid lines are marked according to elevation angle and
azimuth angle. For typical arrays and imagers, the output
digital or video 1mage 1s inverted and flipped left-to-right
leading to a 1mage that resembles the view from the inside
of a globe.

A single number for the half-hemispherical reflectance
can be obtained by adding up the intensity that falls within
the +90° and -90° azimuth and the 0° to 90° elevation
contours. Since typical arrays and imagers provide standard
video outputs, there are many available choices of computer
hardware and software to support the video 1mage subtrac-
tion and processing. If desired, computer processing can
remap the grid 30 to a more convenient shape, compute
statistics describing the retlection or automatically compare
the measured distribution with a stored 1deal distribution to
determine whether 1t 1s within allowed tolerance. With
computer control over data acquisition and any moving parts
in the device, we can make a rapid assessment of the
bidirectional reflectance for incidence angles between nor-
mal and grazing. If reference samples are available, we
make direct comparisons between coatings to negate any
concerns about calibration drift. Also, we can use calibration
samples such as diffuse and specular gold to verily proper
operation of the measurement system.

The specific configuration shown 1n FIG. 5 1s only one of
many alternate designs for a reflectometer able to provide
angle-space 1maging of the directional scatter. The device 1n
FIG. 5 uses a reflector and/or lens system to collect the light
from a large solid angle and subsequently 1mages the far
field distribution pattern. Other reflector and 1llumination
geometries or the use of lenses may also be suitable depend-
ing upon need and the desired level of sophistication.

The alternate designs may be better for NDE applications.
In particular, the concepts shown 1n FIGS. 1 and 8 provide
full hemispherical coverage without moving parts.

The device 1n FIG. § 1s based on a truncated ellipsoidal
reflector (cut off at both ends) and a series of lenses. One end
of the reflector sits on the surface. The 1llumination beam
enters through the side wall. Reflected radiation is separated
(by the combined effects of the reflector and lens) into two
distinct areas at the angular “image” plane: (1) radiation
which is scattered from the sample at angles between 90°
and 15° is reflected off the wall of the ellipsoidal reflector;
these rays pass through the lens with limited change 1n
direction; and (2) radiation scattered from the surface
directly onto the lens 1s focused by the lens toward a focal
point beyond the angular “1mage” plane.

The angular “image” 1n this plane, 1s shown as a
doughnut-shaped section (reflections into angles between
15° and 90° in elevation (relative to the surface normal)) and
a center section (reflections into angles between 0° and 15°
in elevation).

From the angular “1mage” plane, the radiation is collected
by a lens which has two sections, a positive (convex) lens
and a negative (concave) lens. We can make this lens by
cutting a hole in the convex lens and mounting the concave
lens 412 1n the center or we could use a special optic lens.
Radiation emerges parallel from this lens, and 1s reduced by
a series of two lenses (Galilean telescope) to fit on a small
detector array.
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FIGS. 8 & 9 1illustrate variations of the reflectometer
design of FIG. 5. In FIG. 8 the incident light beam 1s injected
through the ellipsoid wall and the detector array 1s included
just beyond the upper focus of the ellipsoid. The device 1n
FIG. 9 uses a 50/50 beam splitter 1n place of the secondary
mirror to allow the incident beam to pass through the beam
splitter at any desired angle withoutthe need for holes or
slots.

The concepts illustrated 1n FIGS. 10-13 are based on the
refraction of the scattered radiation by a shaped lens array
with as few as three lenses (FIG. 13). In these concepts, the

lenses cover the hemisphere and each lens focuses the
radiation from the sample onto an array set slightly away
from the lens focus. Each of these lens systems could be
fixed or reduced 1n the number of lenses and rotated. The
reflectometer design 1llustrated in FIG. 14 may be the lowest
cost, using only a single lens and array. In this concept the
lens rotates about the vertical axis to provide full hemi-
spherical coverage.

FIG. 1-3 show a preferred embodiment of our reflecto-
meter that eliminates the cold aperture, girmbal mirror, and
secondary mirror from the design shown 1n FIG. 5. The cold
aperture 1s an option for an IR reflectometer. A cold aperture
reduces background thermal contribution associated with
the signal to permit higher resolution and discrimination.
Eliminating the gimbal mirror 22 and secondary mirror 16
simplifies the design. As shown 1n FIG. 1, light within the
frequency bandwidth of interest reflects from a surface at the
lower focus of an ellipsoidal mirror. The reflection 1is
directed toward an upper focus by the mirror where the light
1s collected with, an array detector and analyzed, as in the
other embodiments.

While described primarily with reference to IR radiation,
the concepts apply to other frequencies, especially the
visible and UV, but even to microwave frequencies.

The directional reflectometer of the present invention 1s a
compact system for measuring emissivity/reflectivity of
coatings applied to laboratory coupons or to large objects
which are not amenable to testing in the laboratory. The
intended role 1s for quality assurance during manufacturing
and 1n field service to verily that coatings are performing
properly. The mvention also enables a significant advance-
ment 1n the laboratory measurement of surfaces because it
provides a rapid and intuitive means of understanding the
directionality of measured surfaces. We use reflective and
refractive optics to form an “image” of the angular distri-
bution of light reflecting from the surface of interest. Our
concept allows virtually all of the IR light leaving a surface
to be collected onto a single 1maging array or possibly
non-imaging detector.

The reflectometer 1s a small, traveling, broadband IR
(3—12 um) device or a UV, visible, and near IR (0.3-3 yum)
device which is attached to a computer. The (computer
analyzes the data collected at the 1imaging array and presents
it 1n several formats, most notably a “pass-fail.” In this
device (1) reflection is measured at incident and reflected
angles between near-normal and grazing (up to 88° from
normal), (2) an angle-space “image” is formed of the scat-
tered radiation, providing full directional reflectance infor-
mation at a glance, and (3) the rapid response of this type of
system allows data to be collected continuously as the
device 1s moved across a surface. The angle-space “1mage”
contains enough information to assess both standard and
special surfaces or coatings and can be integrated to deter-
mine total hemispherical reflectance. Personal or laptop
computer-based analysis permits rapid determination of
pass-fail responses.
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Our device for measuring the hemispherical reflectance
forms a video “image” of the angular distribution of the
specularly and diffusely reflected radiation. Our baseline
design concept uses the 1maging properties of an ellipsoidal
reflector. Light diverging from one focus of the ellipse 1s
specularly reflected and converges towards the second
focus, but 1s redirected by a secondary mirror. In our
conilguration, the major axis which passes through the foci,
1s tilted relative to the sample surface to facilitate the
collection of grazing rays.

The device functions as a light-gathering system which 1s
a combination of an ellipsoid and lens system which gathers
2 distinct classes of light rays: rays reflecting from the
surface and then off the ellipsoid mirror, and rays reflecting
directly from the surface to be measured forming an annular
ring pattern in the plane of a “bifocal” lens, including:

(a) an ellipsoidal mirror with two ends cut-off, one end 1s
cut so that the surface to Ie measured 1s perpendicular to the
major axis of the ellipsoid, and the surface passes through
one of the ellipsoid foci;

(b) a simple or compound lens which 1s centered at the
second ellipsoid focus and 1s sized large enough to collect
those rays which do not interact with the ellipsoidal mirror;

(c) formation of an angular image plane;

(d) rays arriving at the angular image plane are of two
classes:

(1) rays reflecting directly from the measured surface and
forming the central core of the 1mage, not interacting
with the ellipsoidal mirror, and

(i1) those rays reflecting off of the measured surface and
then off of the ellipsoidal mirror which fill the annular
ring of the 1image;

(e) a special “bifocal” lens or lens system placed at the
image plane which 1s diverging to the core rays and con-
verging to the rays in the annular ring, so as to make all rays
exiting the angular 1image plane very nearly parallel.

(f) a reducing telescope to match the rays exiting the
angular 1mage plane to the selected sensor array or other
imager or a single detector; and

(g) the light beam can illuminate the surface to be
measured over a wide range of angle, including near grazing
angles.

While we have described preferred embodiments, those
skilled 1n the art will readily recognize alterations,
variations, and modifications which might be made without
departing from the inventive concept. Therefore, interpret
the claims liberally with the support of the full range of
equivalents known to those of ordinary skill based upon this
description. The examples illustrate the invention and not
intended to limit it. Accordingly, limit the claims only as
necessary 1n view of the pertinent prior art.

We claim:

1. A directional reflectometer, comprising;

(a) a source of radiation in a frequency range of interest
for directing the radiation to a reflective test surface at
incident angles between normal and grazing, up to
about 88° from the normal;

(b) an ellipsoidal reflector, having an upper and lower
focus, for receiving reflected radiation from the reflec-
tive test surface positioned at the lower focus;

(c) a detector positioned for receiving the reflected radia-
tion from the ellipsoidal reflector that the ellipsoidal
reflector reflects toward the upper focus and for dis-
playing a signal representative of the angle-space dis-
tribution of the reflected radiation; and
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(d) optionally, computing means electronically connected
with the detector for analyzing the reflected radiation,
the computing means receiving the angle-space distri-
bution signal from the detector.

2. The reflectometer of claim 1 further comprising a beam
chopper associated with the source for determining the
surface reflectance by a difference method.

3. The retflectometer of claim 1 wherein the detector
includes at least one lens or mirror for focusing retlected
radiation.

4. The reflectometer of claim 1 wherein the computing,
means 1ncludes a microprocessor and display, the display
displaying the signal in a preselected format.

5. The directional reflectometer of claim 1 wherein the
detector 1s an 1maging detector for displaying the angle-
space distribution signal as an 1mage.

6. A method for measuring the reflectance of a surface,
comprising the steps of:

(a) illuminating the surface with radiation focused at the
lower focus of an ellipsoidal mirror to produce a
reflection at incident angles between normal and
grazing, up to about 88° from the normal;

(b) directing the reflection from the surface collected at
the upper focus of the mirror to a detector, and
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(c) analyzing the reflection 1n the detector to determine

the reflectance.

7. The method of claim 6 wherein analyzing i1nvolves
creating an 1mage representative of the reflection, the
method further comprising the step of displaying the image
on a display.

8. The method of claim 6 further comprising the step of
signaling 1f the reflectance satisfies a criterion.

9. The method of claim 6 wherein the detector forms an
image of the reflection.

10. A method for forming a resolved image of the angular
distribution of light reflected, scattered, or emitted from a
surface, comprising the steps of:

(a) illuminating a region of a surface at incident angles

between normal and grazing, up to about 88° from the
normal;

(b) collecting a large angular range of light rays leaving
the 1lluminated region with a lens or mirror causing the
rays to reconverge toward a focus; and

(c) either (1) intercepting the rays near the focus with an
angle scanning imager or (ii) using a collimating optic
beyond the focus to produce approximately parallel
rays which are intercepted by an imaging ray.
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